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(54) DIRECTIONAL COUPLER AND DIRECTIONAL COUPLING METHOD 



(57) Input port 101 is connected to output port 102 
via open-circuited stub 107, first transmission line 105 
and open-circuited stub 108. Coupling port 103 is con- 
nected to isolation port 1 04 via second transmission line 
106 in electromagnetic coupling with first transmission 
line 1 05. Open -circuited stubs 1 07 and 1 08 have a stub 



length corresponding to 1/4 wavelength in desired stop 
frequency. It is thereby possible to provide a directional 
coupler and directional coupling method enabling the 
miniaturization and harmonic spurious suppression ef- 
fect with a low loss and with excellence even in micro- 
wave/millimeter wave band. 
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Description 



Technical Field 



[0001] The present invention relates to a directional 
coupler and directional coupling method applicable to a 
strip line used in a radio communication apparatus such 
as a cellular telephone and radio data communication 
port used particularly in microwave/millimeter wave 
band. 

Background Art 
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[0002] Generally in radio communication apparatus- 
es, a directional coupler using a A/4 strip line is used, *s 
and a multilayer directional coupler enabling miniaturi- 
zation. For example, a directional coupler disclosed in 
Japanese Laid-Open Patent Publication HE1 10-2901 08 
is one to which the low-pass filter function is added. A 
laminate constructed by integrating a directional cou- 20 
pier, and a capacitor and shunt resonator composing a 
low-pass filter obtains a miniaturized shape and char- 
acteristics with a low loss as compared to a case of 
achieving the directional coupler and low-pass filter sep- 
arately. 25 
[0003] Due to widespread use of cellular telephones 
and demand for fast data communication , the carrier fre- 
quency in radio communications tends to be higher to a 
superhigh frequency band and to an extremely high fre- 
quency band providing rich frequency resources. A har- 30 
monic frequency band targeted for suppression by a 
low-pass filter has a frequency integer times as high as 
thus increased carrier frequency. In such a high frequen- 
cy band, a size of a part is not negligible with respect to 
a wavelength, and a circuit tends to behave like a dis- 35 
tributed circuit. Therefore, in conventional radio commu- 
nication apparatuses, it is not possible to achieve re- 
quired characteristics in capacitor and shunt resonator 
composing a low-pass filter, resulting in a problem that 
a desired suppression amount as a filter cannot be ob- *o 
tained. 

Disclosure of Invention 

[0004] It is an object of the present invention to pro- 
vide a directional coupler and directional coupling meth- 
od enabling miniaturization and harmonic spurious sup- 
pression effect with a low loss and with excellence even 
in microwave/millimeter wave band. 

[0005] This object is achieved by disposing stubs for so 
radio-frequency spurious suppression at input and out- 
put sides of a first transmission line of a directional cou- 
pler, and using the stubs with susceptance and the first 
transmission line, performing impedanc matching in 
carrier frequency between circuits connected to input 55 
and output ports. 



Brief D scription of Drawings 
[0006] 



FIG.1 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a first 
embodiment of the present invention; 
FIG. 2 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the first embodiment of the present in- 
vention; 

FIG. 3 is a diagram illustrating characteristics of the 
directional coupler according to the first embodi- 
ment of the present invention; 
FIG.4 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the first em- 
bodiment of the present invention; 
FIG.5 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a 
second embodiment of the present invention; 
FIG .6 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the second embodiment of the present 
invention; 

FIG.7 is a diagram illustrating characteristics of th 
directional coupler according to the second embod- 
iment of the present invention; 
FIG. 8 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the second 
embodiment of the present invention; 
FIG.9 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a 
third embodiment of the present invention; 
FIG.1 0 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the third embodiment of the present in- 
vention; 

FIG.1 1 is a diagram illustrating characteristics of the 
directional coupler according to the third embodi- 
ment of the present invention; 
FIG.1 2 is a diagram illustrating an example of acon- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the third em- 
bodiment of the present invention; 
FIG.1 3 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a 
fourth embodiment of the present invention; 
FIG.1 4 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the fourth embodiment of the present in- 
vention; 

FIG.1 5 isa diagram illustrating characteristics of the 
directional coupler according to the fourth embodi- 
ment of the present invention; 
FIG.1 6 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
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ing the directional coupler according to the fourth 
embodiment of the present Invention; 
FIG. 1 7 is a diagram illustrating an xample of a con- 
figuration of a directional coupler according to a fifth 
embodiment of the present invention; 5 
FIG. 18 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the fifth embodiment of the present in- 
vention; 

FIG. 1 9 is a diagram illustrating characteristics of the 10 
directional coupler according to the fifth embodi- 
ment of the present invention; 
FIG. 20 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the fifth em- 15 
bodiment of the present invention; 
FIG.21 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a 
sixth embodiment of the present invention; 
FIG. 22 is a diagram illustrating an equivalent circuit 20 
of the directional coupler in center frequency ac- 
cording to the sixth embodiment of the present in- 
vention; 

FIG. 23 is a diagram illustrating characteristics of the 
directional coupler according to the sixth embodi- 25 
ment of the present invention; 
FIG. 24 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the sixth em- 
bodiment of the present invention; 20 
FIG. 25 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a 
seventh embodiment of the present invention; 
FIG.26 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 35 
cording to the seventh embodiment of the present 
invention; 

FIG.27 is a diagram illustrating characteristics of the 
directional coupler according to the seventh em- 
bodiment of the present invention; 40 
FIG. 28 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the seventh 
embodiment of the present invention; 
FIG. 29 is a diagram illustrating an example of a con- 45 
figuration of a directional coupler according to an 
eighth embodiment of the present invention; 
FIG. 30 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the eighth embodiment of the present in- 50 
vention; 

FIG. 31 is a diagram illustrating characteristics of the 
directional coupler according to the eighth embod- 
iment of the present invention; 

FIG. 32 is a diagram illustrating an example of a con- 55 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the eighth 
embodiment of the present invention; 
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FIG. 33 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to a 
ninth embodiment of the present invention; 
FIG.34 is a diagram illustrating an equivalent circuit 
of the directional coupler in center frequency ac- 
cording to the ninth embodiment of the present in- 
vention; 

FIG. 35 is a diagram illustrating characteristics of the 
directional coupler according to the eighth embod- 
iment of the present invention; and 
FIG .36 is a diagram illustrating an example of a con- 
figuration of a radio communication apparatus us- 
ing the directional coupler according to the ninth 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[0007] The present invention is to achieve the minia- 
turization and harmonic spurious suppression effect 
with a low loss and with excellence even in microwave/ 
millimeter wave band, by disposing stubs for radio-fre- 
quency spurious suppression at input and output sides 
of a first transmission line of a directional coupler, and 
using the stubs with susceptance and the first transmis- 
sion line, performing impedance matching in carrier fre- 
quency between circuits connected to input and output 
ports. In addition, a stub is a kind of line loaded in a sig- 
nal line and has three parameters, i.e., electric length, 
characteristic impedance and port condition (open- 
circuited/short-circuited). The electric length is a param- 
eter determined by length of the stub, and the charac- 
teristic impedance is a parameter determined by width 
of the stub. 

[0008] Embodiments of the present invention will be 
described below with reference to accompanying draw- 
ings. 

(First embodiment) 

[0009] FIG.1 is a diagram illustrating an example of a 
configuration of a directional coupler according to the 
first embodiment of the present invention, where the di- 
rectional coupler is applied to one for monitoring trans- 
mit power. 

[001 0] Directional coupler 1 00 is primarily composed 
of input port 101 , output port 102, coupling port 103, iso- 
lation port 1 04, first transmission line 1 05, second trans- 
mission line 106, and open-circuited stubs 107 and 108. 
[001 1 ] Input port 1 01 is connected to output port 1 02 
via open-circuited stub 107, first transmission line 105 
and open-circuited stub 108. Coupling port 103 is con- 
nected to isolation port 1 04 via second transmission line 
106 in electromagnetic coupling with first transmission 
line 105. 

[0012] Open-circuited stubs 107 and 108 have the 
same characteristics, and have a stub length corre- 
sponding to 1/4 wavelength in desired stop frequency 
fs11 . It is assumed in the following description that the 
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characteristic imp dance of the directional coupler com- 
posed of first transmission line 105 and second trans- 
mission line 106 is the same as the imp dance of an 
external circuit. 

[0013] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency, susceptance Bos(f) of an open-circuited stub 
becomes infinite (Bos(fsos)=infinte) in frequency f=fsos 
such that an electric length of the stub corresponds to 
1/4 wavelength. Accordingly, in frequency of fsos, im- 
pedance Zos obtained after inserting the open-circuited 
stub is not dependent on impedance Zip at a stub insert- 
ing point, and is expressed by following equation (1), 
and the circuit is short-circuited. 

Zos(fsos)=1 /{1 /Zip+jBos(fsos)}=0Q (1 ) 

[0014] Accordingly, in the configuration illustrated in 
FIG.1 , in fs1 1 , open-circuited stubs 1 07 and 1 08 devel- 
op a short-circuit in first transmission line 105, enabling 
the suppression of unnecessary signal in stop frequency 
fs11. 

[0015] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 1 00 in cent- 
er frequency. In FIG.1, first transmission line 105 and 
open-circuited stubs 107 and 108 are, for example, 
composed of distributed-circuit elements such as micro 
strip lines. Generally, a distributed-circuit element has 
frequency characteristics different from those of a 
lumped-circuit element such as an inductor and capac- 
itor but it is possible to approximate a lumped-circuit 
element by a distributed-circuit element with accuracy 
exclusively for a single frequency. 
[0016] FIG.2 illustrates matching circuit 200 obtained 
by approximating elements connected between input 
port 101 and output port 102 in directional coupler 100 
in FIG.1 by lumped-circuit elements in center frequency 
fo In FIG.2, input port 201 corresponds to input port 101 
in FIG.1 . output port 202 corresponds to output port 1 02 
in FIG.1 , inductor 203 corresponds to first transmission 
line 105 in FIG.1 . capacitor 204 corresponds to open- 
circuited stub 107 in FIG.1, and capacitor 205 corre- 
sponds to open-circuited stub 108 in FIG.1. Herein, 
since matching circuit 200 has the same configuration 
as thai of a n-section LC matching circuit, the circuit 200 
is capable of acquiring the matching between external 
circuits connected to input port 201 and output port 202, 
and as a result, is capable of decreasing a mismatching 
loss and of achieving low-loss characteristics. 
[0017] FIG.3 illustrates pass characteristic of a direc- 
tional coupler designed with cut-off frequencies 
fo-5GHz and fs11=10GHz and coupling co fficient = 
1 7dB. In addition, the directional coupler is constructed 
on an alumina substrate with a thickness of 0.635mm 
and di lectric constant of 10. 

[0018] A loss between input port 101 and output port 



102 in center fr quencyfo was 0.25dB, among which a 
coupling loss was 0.09dB and ohmic, dielectric, and ra- 
diated loss was 0.1 6dB. A conventional directional cou- 
pler has a loss of 0.2dB (including th coupling loss), 

5 and a loss of a filter is about 0.2 dB. Therefore, as com- 
pared to the conventional coupler directional coupler 
1 00 of the first embodiment improves the frequency re- 
sponse by about 0.1 5dB, and obtains a suppression 
amount more than 30dB in fs11 (10GHZ: corresponding 

10 to a double-frequency). 

[0019] FIG.4 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the first embodiment of the 
present invention. In addition, in FIG.4 since the config- 

15 uration of directional coupler 1 00 is the same as in FIG. 
1, the same reference numerals as in FIG.1 are as- 
signed to omit specific description thereof. In FIG.4, a 
radio-frequency signal input to variable gain amplifier 
401 is transmitted from antenna 403 via power amplifier 

20 404 and directional coupler 100. Resistance 400 is an 
absorbing resistance for preventing coupling port 103 
from being induced by part of a reflected signal due to 
mismatching of antennas or the like. Automatic power 
control circuit 405 monitors part of a transmit output 

25 fetched from directional coupler 1 00, and controls a gain 
of variable gain amplifier 401 so that the transmit output 
remains within predetermined limits. 
[0020] By thus adding the function of a low-pass filter 
for canceling harmonic spurious to a directional coupler, 

30 it is possible to obtain the miniaturization and low-loss 
characteristics as compared to a case of achieving the 
directional coupler and low-pass filter separately. Fur- 
ther, the directional coupler with the circuit configuration 
as illustrated in FIG.1 enables both the suppression 

35 characteristics in stop frequency and low-loss charac- 
teristics in center frequency to be obtained, and further 
enables a miniaturized directional coupler to be 
achieved. 

40 (Second embodiment) 

[0021 ] The second embodiment of the present inven- 
tion will be described below with reference to FlGs.5 to 
8. FIG.5 is a diagram illustrating an example of a con- 
45 figuration of a directional coupler according to the sec- 
ond embodiment of the present invention where the di- 
rectional coupler is applied to one for monitoring trans- 
mit power. 

[0022] Directional coupler 500 is primarily composed 
50 of input port 501 , output port 502, coupling port 503, iso- 
lation port 504, first transmission line 505, second trans- 
mission line 506, and open-circuited stubs 507 and 508. 
Input port 501 is connected to output port 502 via open- 
circuited stub 507, first transmission line 505 and open- 
55 circuit d stub 508. Coupling port 503 is connected to 
isolation port 504 via second transmission line 506 in 
electromagnetic coupling with first transmission lin 
505. 
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[0023] Open-circuited stubs 507 and 508 have a stub 
length corresponding to 1/4 wavelength in two different 
cut-off frequ ncies, i.e., fs21 andfs22 ? respectively. It is 
assumed in the following description that the character- 
istic impedance of the directional coupler composed of 
first transmission line 505 and second transmission line 
506 is the same as the impedance of an external circuit. 
[0024] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG. 5, accord- 
ing to previously mentioned equation (1), since first 
transmission line 505 is short-circuited in stop frequency 
fs21 by open-circuited stub 507 and in stop frequency 
fs22 by open-circuited stub 508, it is possible to sup- 
press unnecessary signals in two different cut-off fre- 
quencies, i.e., fs21 and fs22. 

[0025] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 500 in cent- 
er frequency. First transmission line 505 and open- 
circuited stubs 507 and 508 are, for example, composed 
of distributed-circuit elements such as micro strip lines. 
Generally, a distributed-circuit element has frequency 
characteristics different from those of a lumped-circuit 
element such as an inductor and capacitor, but it is pos- 
sible to approximate a lumped-circuit element by a dis- 
tributed-circuit element with accuracy exclusively for a 
single frequency. 

[0026] FIG. 6 illustrates matching circuit 600 obtained 
by approximating elements connected between input 
port 501 and output port 502 in directional coupler 500 
in FIG. 5 by lumped-circuit elements in center frequency 
fo. In FIG. 6, input port 601 corresponds to input port501 
in FIG.5. output port 602 corresponds to output port 502 
in FIG.5, inductor 603 corresponds to first transmission 
line 505 in FIG.5, and capacitor 604 corresponds to 
open-circuited stub 507 in FIG. 5. Herein, since match- 
ing circuit 600 has the same configuration as that of a % 
-section LC matching circuit, the circuit 600 is capable 
of acquiring the matching between external circuits con- 
nected to input port 601 and output port 602, and as a 
result, is capable of decreasing a mismatching loss and 
of achieving low- loss characteristics. 
[0027] FIG.7 is a diagram illustrating an example of 
characteristics of directional coupler 500, and more spe- 
cifically illustrates a calculated response in the case 
where center frequency fo=5GHz, cut-off frequencies 
fs21=10GHz and fs22=15GHz. Values obtained as a 
suppression amount in stop frequency are more than 
35dB in fs21 (10GHZ: corresponding to double-frequen- 
cy) and more than 30dB in fs22 (1 5GHz: corresponding 
to triple-frequency). 

[0028] FIG. 8 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the second embodiment of 
the present invention. The radio communication appa- 
ratus illustrated in FIG. 8 applies directional coupler 500 
substituted for directional coupler 1 00 in the radio com- 



munication apparatus illustrat d in FIG. 4. As compared 
to the radio communication apparatus illustrated in FIG. 
4 ; in the radio communication apparatus illustrated in 
FIG.8, since the function of canceling spurious in two 
5 different cut-off frequencies is added to the directional 
coupler, it is possible to obtain spurious suppression 
characteristics with more excellence. 

(Third embodiment) 

w 

[0029] The third embodiment of the present invention 
will be described below with reference to FIGs.9 to 12. 
FIG.9 is a diagram illustrating an example of a configu- 
ration of a directional coupler according to the third em- 

is bodiment of the present invention, where the directional 
coupler is applied to one for monitoring transmit power. 
[0030] Directional coupler 900 is primarily composed 
of input port 901 , output port 902, coupling port 903, iso- 
lation port 904, first transmission line 905, second trans- 

20 mission line 906, and open-circuited stubs 907, 908 and 
909. Input port 901 is connected to output port 902 via 
open-circuited stub 907, first transmission line 905 and 
open-circuited stub 908. Open-circuited stub 909 is dis- 
posed on first transmission line 905. Coupling port 903 

25 is connected to isolation port 904 via second transmis- 
sion line 906 in electromagnetic coupling with first trans- 
mission line 905. 

[0031 ] Open-circuited stubs 907, 908 and 909 have a 
stub length corresponding to 1/4 wavelength in three dif- 
30 ferent cut-off frequencies, i.e., fs31, fs32 and fs33, re- 
spectively. In addition, it is not necessary for first trans- 
mission line 905 and second transmission line 906 to 
have the same length. 

[0032] The following description is given of achieving 
35 unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG.9, accord- 
ing to previously mentioned equation (1), since first 
transmission line 905 is short-circuited in stop frequency 
fs31 by open-circuited stub 907, in stop frequency fs32 
40 by open-circuited stub 908, and in stop frequency fs33 
by open-circuited stub 909, it is possible to suppress un- 
necessary signals in three different cut-off frequencies, 
i.e., fs31, fs32 and fs33. 

[0033] A case will be described next of matching im- 
45 pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 900 in cent- 
er frequency. First transmission line 905 and open- 
circuited stubs 907,908 and 909 are, for example, com- 
posed of distributed-circurt elements such as micro strip 
50 lines. Generally, a distributed-circuit element has fre- 
quency characteristics different from those of a lumped- 
circuit element such as an inductor and capacitor, but it 
is possible to approximate a lumped-circuit element by 
a distributed-circuit element with accuracy exclusively 
55 for a single frequency. 

[0034] FIG. 10 illustrates matching circuit 1000 ob- 
tained by approximating elements connected between 
input port 901 and output port 902 in directional coupler 
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900 in FIG. 9 by lumped-circuit elements in center fre- 
quency fo. In FIG. 10, input port 1001 corresponds to in- 
put port 901 in FIG. 9, output port 1002 corresponds to 
output port 902 in FIG.9, inductors 1 003 and 1 004 cor- 
respond to first transmission line 905 in FIG.9, capacitor 
1 005 corresponds to open-circuited stub 907 in FIG.9, 
capacitor 1 006 corresponds to open-circuited stub 908 
in FIG.9, and capacitor 1007 corresponds to open- 
circuited stub 909 in FIG.9. Herein, since matching cir- 
cuit 1000 has the same configuration as that of an LC 
multistage ^-section matching circuit, the circuit 1000 is 
capable of acquiring the matching between external cir- 
cuits connected to input port 1 001 and output port 1 002, 
and as a result, is capable of decreasing a mismatching 
toss and of achieving low-loss characteristics. 
[0035] FIG. 11 is a diagram illustrating an example of 
characteristics of directional coupler 900, and more spe- 
cifically illustrates a calculated response in the case 
where 2os31 =57.7Q, Zos32=41 .4 £2, Zos33=50Q, cent- 
er frequency fo=5GHz, cut-off frequencies 
fs31 =1 5GHz, fs32=20GHz andfs33=1 0GHz, character- 
istic impedance of first transmission line 905 is 50 £2, 
phase angle is 133.2°, and open -circuited stub 909 is 
disposed at a middle point on first transmission line 905. 
In addition, Zos31 , Zos32 and Zos33 are impedance of 
lines composing open-circuited stubs 907, 908 and 909 
in FIG.9 respectively. Values obtained as a suppression 
amount in stop frequency are more than 20dB in fs31 
(15GHZ: corresponding to triple-frequency), more than 
20dB in fs32 (20GHz: corresponding to four-time-fre- 
quency), and more than 30dB in fs33 (10GHz: corre- 
sponding to double-frequency). 

[0036] FIG. 1 2 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the third embodiment of the 
present invention. The radio communication apparatus 
illustrated in FIG.1 2 applies directional coupler 900 sub- 
stituted for directional coupler 100 in the radio commu- 
nication apparatus illustrated in FIG.4. As compared to 
the radio communication apparatus illustrated in FIG.4, 
in the radio communication apparatus illustrated in FIG. 
1 2, since the function of canceling spurious in three dif- 
ferent cut-off frequencies is added to directional coupler 
900, it is possible to obtain spurious suppression char- 
acteristics with more excellence. 

(Fourth embodiment) 

[0037] The fourth embodiment of the present inven- 
tion will be described below with reference to FIG.1 3 to 
1 6. FIG.1 3 is a diagram illustrating an example of a con- 
figuration of a directional coupler according to the fourth 
embodiment of the present invention, where the direc- 
tional coupler is applied to one for monitoring transmit 
power. 

[0038] Directional coupler 1300 is primarily com- 
posed of input port 1 301 , output port 1 302, coupling port 
1303, isolation port 1304, first transmission line 1305, 



second transmission line 1306, open-circuit d stubs 
1307 and 1308, and short-circuited stub 1309. Input port 
1 301 is connected to output port 1 302 via open-circuited 
stub 1307, first transmission line 1305 and op n- 

5 circuited stub 1308. Short-circuited stub 1309 is dis- 
posed on first transmission line 1305. Coupling port 
1303 is connected to isolation port 1304 via second 
transmission line 1 306 in electromagnetic coupling with 
first transmission line 1305. 

w [0039] Open-circuited stubs 1 307 and 1 308 have th 
same characteristics, and have a stub length corre- 
sponding to 1/4 wavelength in desired stop frequency 
fs11 . Short-circuited stub 1309 has a stub length corre- 
sponding to 1/4 wavelength in center frequency fo. It is 

is assumed in the following description that the character- 
istic impedance of the directional coupler composed of 
first transmission line 1305 and second transmission 
line 1306 is the same as the impedance of an external 
circuit. 

20 [0040] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG.13, ac- 
cording to previously mentioned equation (1 ), since first 
transmission line 1305 is short-circuited in stop frequen- 
ts C y fs41 by open-circuited stubs 1 307 and 1 308, it is pos- 
sible to suppress unnecessary signals in stop frequency 
fs41 . 

[0041] Susceptance Bos(f) of a short-circuited stub 
becomes infinite (Bos(fsss)=infinte) in frequency f=fsss 

30 such that an electric length of the stub corresponds to 
1/2 wavelength. Accordingly, in frequency of fsss, im- 
pedance Zss obtained after inserting the short-circuited 
stub is not dependent on impedance Zip at a stub insert- 
ing point, and is expressed by following equation (2), 

35 and the circuit is short-circuited. 

Zss(fsss)=1/{1/Zip+jBss(fsss)}=0O (2) 

40 [0042] Accordingly, in the configuration illustrated in 
FIG.13, in 2fo, short-circuited stub 1309 develops a 
short-circuit in first transmission line 1305, enabling the 
suppression of unnecessary signal in stop frequency 
2fo. 

45 [0043] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 1300 in 
center frequency. In FIG.13, first transmission line 1305, 
open-circuited stubs 1 307 and 1308 and short-circuited 

so stub 1309 are, for example, composed of distributed- 
circuit elements such as micro strip lines. Generally, a 
distributed-circuit element has frequency characteris- 
tics different from those of a lumped-circuit element 
such as an inductor and capacitor, but it is possible to 

55 approxhnat a lumped-circuit lement by a distribut d- 
circuit element with accuracy exclusively for a single fre- 
quency. 

[0044] FIG.1 4 illustrates matching circuit 1400 ob- 
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tained by approximating lem nts connect d between 
input port 1301 and output port 1302 in directional cou- 
pler 1 300 in FIG.1 3 by lumped-circuit elements in center 
frequency fo. In FIG. 14, input port 1401 corresponds to 
input port 1301 in FIG.1 3, output port 1402 corresponds 
to output port 1302 in FIG. 13, inductor 1403 corre- 
sponds to first transmission line 1305 in FIG. 13, capac- 
itor 1404 corresponds to open-circuited stub 1307 in 
FIG. 13, and capacitor 1405 corresponds to open- 
circuited stub 1 308 in FIG.1 3. Since short-circuited stub 
1 309 has a stub length corresponding to 1 /4 wavelength 
in center frequency fo, the susceptance becomes 0. Ac- 
cordingly, in FIG. 14 short-circuited stub 1309 is neglect- 
ed. Herein, since matching circuit 1400 has the same 
configuration as that of a it-section LC matching circuit, 
the circuit 1 400 is capable of acquiring the matching be- 
tween external circuits connected to input port 1 401 and 
output port 1 402, and as a result, is capable of decreas- 
ing a mismatching loss and of achieving low-loss char- 
acteristics. 

[0045] FIG. 15 is a diagram illustrating an example of 
characteristics of directional coupler 1300, and more 
specifically illustrates a calculated response in the case 
where Zos41=60Q, Zss41=100Q, center frequency 
fo=5GHz, stop frequency fs41=10GHz, characteristic 
impedance of first transmission line 1305 is 50Q, phase 
angle is 67.4° in fo, and short-circuited stub 1 309 is dis- 
posed at a middle point on first transmission line 1305. 
In addition, 2os41 is characteristic impedance of lines 
composing open -circuited stubs 1307 and 1308, and 
Zss41 is characteristic impedance of a line composing 
short-circuit 1309. A value obtained as a suppression 
amount in stop frequency is more than 40dB in fs41 
(10GHZ : corresponding to double-frequency). Further, 
suppression characteristics are obtained in a lower fre- 
quency band. In addition, since this design has the re- 
lationship of fs41=2fo, the stop frequency by open- 
circuited stubs 1 307 and 1 308 is coincident with the stop 
frequency by short-circuited stub 1309. When electric 
lengths of open -circuited stubs 1307 and 1308 are 
changed, it is possible to obtain suppression character- 
istics in two different frequencies, i.e., stop frequency by 
open-circuited stubs 1307 and 1308, and stop frequen- 
cy by short-circuited stub 1309. 

[0046] FIG. 16 is aspecific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the fourth embodiment of the 
present invention. The radio communication apparatus 
illustrated in FIG.1 6 applies directional coupler 1300 
substituted for directional coupler 1 00 in the radio com- 
munication apparatus illustrated in FIG. 4. As compared 
to the radio communication apparatus illustrated in FIG. 
4, in the radio communication apparatus illustrated in 
FIG. 12, since it is possible to obtain suppression char- 
acteristics in low frequencies, it is possible to obtain spu- 
rious suppression characteristics with more excellence. 



(Fifth embodiment) 

[0047] Th fifth embodiment of the present invention 
will be described below with reference to FIGs.17 to 20. 

5 FIG.1 7 is a diagram illustrating an example of a config- 
uration of a directional coupler according to the fifth em- 
bodiment of the present invention, where the directional 
coupler is applied to one for monitoring transmit power. 
[0048] Directional coupler 1700 is primarily com- 

10 posed of input port 1 701 , output port 1 702, coupling port 
1703, isolation port 1704, first transmission line 1705, 
second transmission line 1706, open-circuited stubs 
1 707 and 1 708, and short-circuited stub 1 709. Input port 
1 701 is connected to output port 1 702 via open -circuited 

is stub 1707, first transmission line 1705 and open- 
circuited stub 1708. Short-circuited stub 1709 is dis- 
posed on first transmission line 1705. Coupling port 
1703 is connected to isolation port 1704 via second 
transmission line 1 706 in electromagnetic coupling with 

20 first transmission line 1705. 

[0049] Open-circuited stubs 1707 and 1708 have a 
stub length corresponding to 1/4 wavelength in two dif- 
ferent cut-off frequencies, i.e., fs51 and fs52, respec- 
tively. Further, short-circuited stub 1709 has a stub 

25 length corresponding to 1/4 wavelength in desired cent- 
er frequency fo. It is assumed in the following description 
that the characteristic impedance of the directional cou- 
pler composed of first transmission line 1 705 and sec- 
ond transmission line 1706 is the same as the imped- 

30 ance of an external circuit. 

[0050] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG.1 7, ac- 
cording to previously mentioned equation (1 ), since first 

35 transmission line 1 705 is short-circuited in stop frequen- 
cy fs51 by open-circuited stub 1 707 and in stop frequen- 
cy fs52 by open -circuited stub 1 708, it is possible to sup- 
press unnecessary signals in two different cut-off fre- 
quencies, i.e.,fs51 andfs52. Further in the configuration 

40 illustrated in FIG.1 7, according to previously mentioned 
equation (2), since first transmission line 1705 is short- 
circuited in stop frequency 2fo by short-circuited stub 
1709, it is possible to suppress unnecessary signals in 
stop frequency 2fo. 

45 [0051] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 1700 in 
center frequency. First transmission line 1705, open- 
circuited stubs 1707 and 1708 and short-circuited stub 

so 1709 are, for example, composed of distributed-circuit 
elements such as micro strip lines. Generally, a distrib- 
uted-circuit element has frequency characteristics dif- 
ferent from those of a lumped-circuit element such as 
an inductor and capacitor, but it is possible to approxi- 

55 mate a lumped-circuit element by a distributed-circuit el- 
ement with accuracy exclusively for a single frequency. 
[0052] FIG.1 8 illustrates matching circuit 1800 ob- 
tained by approximating elements connected between 
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input port 1701 and output port 1702 in directional cou- 
pler 1 700 in FIG. 1 7 by lumped-circuit elements in center 
frequency fo. In FIG. 18, input port 1801 corresponds to 
input port 1 701 in FIG.1 7, output port 1 802 corresponds 
to output port 1702 in FIG. 17, inductor 1803 corre- 
sponds to first transmission line 1705 in FIG.1 7, capac- 
itor 1804 corresponds to open-circuited stub 1707 in 
FIG.1 7, and capacitor 1805 corresponds to open- 
circuited stub 1 708 in FIG.1 7. Since short-circuited stub 
1 709 has a stub length corresponding to 1/4 wavelength 
in center frequency fo, the susceptance becomes 0. Ac- 
cordingly, in FIG. 1 8 short-circuited stub 1 709 is neglect- 
ed. Herein, since matching circuit 1800 has the same 
configuration as that of a ^-section LC matching circuit, 
the circuit 1 800 is capable of acquiring the matching be- 
tween external circuits connected to input port 1 801 and 
output port 1802, and as a result, is capable of decreas- 
ing a mismatching loss and of achieving low-loss char- 
acteristics. 

[0053] FIG. 19 is a diagram illustrating an example of 
characteristics of directional coupler 1700, and more 
specifically illustrates a calculated response in the case 
where Zos51=90£2, Zos52=52n, 2ss51=100i2, center 
frequency fo=5GHz : cut-off frequencies fs51=10GHz 
and fs52= 15GHz, characteristic impedance of first 
transmission line 1705 is 50Q, phase angle is 74.5° in 
fo. and short-circuited stub 1 709 is disposed at a middle 
point of first transmission line 1705. Values obtained as 
a suppression amount in stop frequency are more than 
40dB in fs51 (1 0GHZ: corresponding to double-frequen- 
cy), and more than 25dB in fs52 (15GHZ: corresponding 
to triple-frequency). 

[0054] FIG.20 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the fifth embodiment of the 
present invention. The radio communication apparatus 
illustrated in FIG.20 applies directional coupler 1700 
substituted for directional coupler 1 00 in the radio com- 
munication apparatus illustrated in FIG.4. As compared 
to the radio communication apparatus illustrated in FIG. 
4, in the radio communication apparatus illustrated in 
FIG.20, since the function of canceling spurious in two 
different cut-off frequencies is added to the directional 
coupler, it is possible to obtain spurious suppression 
characteristics with more excellence. Further, since it is 
possible to obtain suppression characteristics in low fre- 
quencies, it is possible to obtain spurious suppression 
characteristics with more excellence. 

(Sixth embodiment) 

[0055] The sixth embodiment of the present invention 
will be described below with reference to FIGs.21 to 24. 
FIG. 21 is a diagram illustrating an example of a config- 
uration of a directional coupler according to the sixth em- 
bodiment of the present invention, where th directional 
coupler is applied to one for monitoring transmit power. 
[0056] Directional coupler 2100 is primarily com- 



posed of input port 21 01 , output port 21 02, coupling port 
2103, isolation port 2104, first transmission line 2105, 
second transmission line 2106, and open-circuited 
stubs 2107, 2108 and 2109, and short-circuited stub 

5 2110. Input port 21 01 is connected to output port 21 02 
via open-circuited stub 21 07, first transmission line 21 05 
and open-circuited stub 21 08. Open-circuited stub 2109 
and short-circuited stub are disposed on first transmis- 
sion line 2105. Coupling port 21 03 is connected to iso- 

10 lation port 2104 via second transmission line 2106 in 
electromagnetic coupling with first transmission line 
2105. 

[0057] Open-circuited stubs 2107, 2108 and 2109 
have a stub length corresponding to 1/4 wavelength in 

*5 three different cut-off frequencies, i.e., fs61, fs62 and 
fs63, respectively. Short-circuited stub has a stub length 
corresponding to 1/4 wavelength in desired center fre- 
quency fo. In addition, it is not necessary for first trans- 
mission line 21 05 and second transmission line 21 06 to 

20 have the same length. 

[0058] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG.21, ac- 
cording to previously mentioned equation (1 ), since first 

25 transmission line 21 05 is short-circuited in stop frequen- 
cy fs61 by open-circuited stub 2107, in stop frequency 
fs62 by open-circuited stub 21 08, and in stop frequency 
f63 by open-circuited stub 2109, it is possible to sup- 
press unnecessary signals in three different cut-off fre- 

30 quencies, i.e., fs61 , fs62 and fs63. Further in the con- 
figuration illustrated in FIG.21 , according to previously 
mentioned equation (2), since first transmission line 
2105 is short-circuited in 2fo by short-circuited stub 
2110, it is possible to suppress unnecessary signals in 

35 stop frequency 2fo. 

[0059] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 2100 in 
center frequency. First transmission line 2105, open- 

40 circuited stubs 21 07,2108 and 21 09, and short-circuited 
stub 2110 are, for example, composed of distributed-cir- 
cuit elements such as micro strip lines. Generally, a dis- 
tributed-circuit element has frequency characteristics 
different from those of a lumped-circuit element such as 

45 an inductor and capacitor, but it is possible to approxi- 
mate a lumped-circuit element by a distributed-circuit el- 
ement with accuracy exclusively for a single frequency. 
[0060] FIG.22 illustrates matching circuit 2200 ob- 
tained by approximating elements connected between 

so input port 21 01 and output port 21 02 in directional cou- 
pler 21 00 in FIG.21 by lumped-circuit elements in center 
frequency fo. In FIG.22, input port 2201 corresponds to 
input port 21 01 in FIG.21 , output port 2202 corresponds 
to output port 2102 in FIG.21 , inductors 2203 and 2204 

55 con spond to first transmission I in 21 05 in FIG.21 , ca- 
pacitor 2205 corresponds to open-circuited stub 2107 
in FIG .21, capacitor 2206 corresponds to open-circuited 
stub 2109 in FIG.21, and capacitor 2207 corresponds 
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to open-circuited stub 2108 in FIG.21. Since short- 
circuited stub 2110 has a stub length corresponding to 
1/4 wavelength in center frequency to, the susceptance 
becomes 0. Accordingly, in FIG.22 short-circuited stub 
2110 is neglected. Herein, since matching circuit 2200 
has the same configuration as that of an LC multistage 
^-section matching circuit, the circuit 2200 is capable of 
acquiring the matching between external circuits con- 
nected to input port 2201 and output port 2202, and as 
a result, is capable of decreasing a mismatching loss 
and of achieving low-loss characteristics. 
[0061 ] FIG.23 illustrates, as an example of character- 
istics of directional coupler 2100 in FIG.21 , a simulation 
of characteristics of directional coupler 2 100 in the case 
where Zos61=57.7i2, Zos62=41 .4Q, Zos63=55n , cent- 
er frequency fo=5GHz, cut-off frequencies 
fs61 =1 0GHz, fs62=15GHz andfs63=20GHz, character- 
istic impedance of first transmission line 2105 is 50Q, 
phase angle is 133.2°, open-circuited stub 2109 is dis- 
posed at a middle point on first transmission line 2105, 
and short-circuited stub 2110 is disposed at a middle 
point between open-circuited stubs 2108 and 2109. In 
addition Zos61, Zos62 and Zos63 are impedance of 
lines composing open-circuited stubs 2107, 2108 and 
2109 in FIG.21 respectively. Values obtained as a sup- 
pression amount in stop frequency are more than 40dB 
in fs61 (10GHZ: corresponding to double-frequency), 
more than 25dB in fs62 (1 5GHz: corresponding to triple- 
frequency), and more than 40dB in fs63 (20GHz: corre- 
sponding to four-time-frequency). 
[0062] FIG. 24 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the sixth embodiment of the 
present invention. The radio communication apparatus 
illustrated in FIG.24 applies directional coupler 2100 
substituted for directional coupler 1 00 in the radio com- 
munication apparatus illustrated in FIG.4. As compared 
to the radio communication apparatus illustrated in FIG. 
4. in the radio communication apparatus illustrated in 
FIG.24, since the function of canceling spurious in three 
different cut-off frequencies is added to directional cou- 
pler 2100, it is possible to obtain spurious suppression 
characteristics with more excellence. Further, since it is 
possible to obtain suppression characteristics in low fre- 
quencies, it is possible to obtain spurious suppression 
characteristics with more excellence. 

(Seventh embodiment) 

[0063] The seventh embodiment of the present inven- 
tion will be described with reference to FIGs.25 to 28. 
FIG. 25 is a diagram illustrating an example of a config- 
uration of a directional coupler according to the seventh 
embodiment of the present invention, where the direc- 
tional coupler is applied to one for monitoring transmit 
power. 

[0064] Directional coupler 2500 is primarily com- 
posed of input port 2501 , output port 2502, coupling port 



2503, isolation port 2504, first transmission line 2505, 
second transmission line 2506, and short-circuited 
stubs 2507 and 2508. Input port 2501 is connected to 
output port 2502 via short-circuited stub 2507, first 

5 transmission line 2505 and short-circuited stub 2508. 
Coupling port 2503 is connected to isolation port 2504 
via second transmission line 2506 in electromagnetic 
coupling with first transmission line 2505. 
[0065] Short-circuited stubs 2507 and 2508 have the 

10 same characteristics, and have a stub length corre- 
sponding to 1/2 wavelength in desired stop frequency 
fs71 . It is not necessary for first transmission line 2505 
and second transmission line 2506 to have the same 
length. 

*5 [0066] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG.25, ac- 
cording to previously mentioned equation (2), since first 
transmission line 2505 is short-circuited in stop frequen- 
ts cy fs71 by short-circuited stubs 2507 and 2508, it is pos- 
sible to suppress unnecessary signals in stop frequency 
fs71. 

[0067] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 

25 input and output ports of directional coupler 2500 in 
center frequency First transmission line 2505 and short- 
circuited stubs 2507 and 2508 are, for example, com- 
posed of distributed-circuit elements such as micro strip 
lines. Generally, a distributed-circuit element has fre- 

30 quency characteristics different from those of a lumped- 
circuit element such as an inductor and capacitor, but it 
is possible to approximate a lumped-circuit element by 
a distributed-circuit element with accuracy exclusively 
for a single frequency. 

55 [0068] FIG.26 illustrates matching circuit 2600 ob- 
tained by approximating elements connected between 
input port 2501 and output port 2502 in directional cou- 
pler 2500 in FIG.25 by lumped-circuit elements in center 
frequency fo. In FIG.26, input port 2601 corresponds to 

40 input port 2501 in FIG.25, output port 2602 corresponds 
to output port 2502 in FIG.25, inductor 2603 corre- 
sponds to first transmission line 2505 in FIG.25, inductor 
2604 corresponds to short-circuited stub 2507 in FIG. 
25, and inductor 2605 corresponds to short-circuited 

45 stub 2508 in FIG.25. Herein, since matching circuit 2600 
has the same configuration as that of a rc-section LC 
matching circuit, the circuit 2600 is capable of acquiring 
the matching between external circuits connected to in- 
put port 2601 and output port 2602, and as a result, is 

50 capable of decreasing a mismatching loss and of 
achieving low-loss characteristics. 
[0069] FIG. 27 is a diagram illustrating an example of 
characteristics of directional coupler 2500, and more 
specifically illustrates a calculated response in the case 

55 where Zss7 1 =Zss72= 1 00O, center f req uency f o=5GHz , 
stop frequency fs71=15GHz, characteristic impedance 
of first transmission line 2105 is 50H, and phas angle 
is 98.2°. In addition, Zss71 and Zss72 are impedance 
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of lines composing short-circuited stubs 2507 and 2508. 
A value obtained as a suppression amount in stop fre- 
quency is more than 30dB in fs71 (1 5GHZ: correspond- 
ing to triple-frequency). Further, suppression character- 
istics are obtained in low frequencies. 
[0070] FIG.28 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the seventh embodiment of 
the present invention. The radio communication appa- 
ratus illustrated in FIG.28 applies directional coupler 
2500 substituted for directional coupler 1 00 in the radio 
communication apparatus illustrated in FIG.4. As com- 
pared to the radio communication apparatus illustrated 
in FIG.4, in the radio communication apparatus illustrat- 
ed in FIG.28, since it is possible to obtain suppression 
characteristics in low frequencies, it is possible to obtain 
spurious suppression characteristics with more excel- 
lence. 

(Eighth embodiment) 

[0071] The eighth embodiment of the present inven- 
tion will be described below with reference to FIGs.29 
to 32. FIG. 29 is a diagram illustrating an example of a 
configuration of a directional coupler according to the 
eighth embodiment of the present invention, where the 
directional coupler is applied to one for monitoring trans- 
mit power. 

[0072] Directional coupler 2900 is primarily com- 
posed of input port 2901 , output port 2902, coupling port 
2903, isolation port 2904, first transmission line 2905, 
second transmission line 2906, short-circuited stubs 
2907 and 2908, and open -circuited stub 2909. Input port 
2901 is connected to output port 2902 via short-circuited 
stub 2907, first transmission line 2905 and short- 
circuited stub 2908. Open-circuited stub 2909 is dis- 
posed on first transmission line 2905. Coupling port 
2903 is connected to isolation port 2904 via second 
transmission line 2906 in electromagnetic coupling with 
first transmission line 2905. 

[0073] Short-circuited stubs 2907 and 2908 have the 
same characteristics and a stub length corresponding 
to 1/2 wavelength in desired stop frequency fs81 . Fur- 
ther, open-circuited stub 2909 has a stub length corre- 
sponding to 1/4 wavelength in stop frequency fs82. In 
addition, it is not necessary for first transmission line 
2905 and second transmission line 2906 to have the 
same length. 

[0074] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG. 29, ac- 
cording to previously mentioned equation (2), since first 
transmission line 2905 is short-circuited in stop frequen- 
cy fs81 by short-circuited stubs 2907 and 2908, it is pos- 
sible to suppress unnecessary signals in stop fr quency 
fs81 . Further, according to previously m ntioned equa- 
tion (1), since first transmission line 2905 is short- 
circuited in stop frequency fs82 by open -circuited stub 



2909, it is possible to suppress unn cessary signals in 
stop frequency fs82. 

[0075] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 

5 input and output ports of directional coupler 2900 in 
center frequency. First transmission line 2905, short- 
circuited stubs 2907 and 2908 and open -circuited stub 
2909 are, for example, composed of distributed-circuit 
elements such as micro strip lines. Generally, a distrib- 

10 uted-circuit element has frequency characteristics dif- 
ferent from those of a lumped-circuit element such as 
an inductor and capacitor, but it is possible to approxi- 
mate a lumped-circuit element by a distributed-circuit el- 
ement with accuracy exclusively for a single frequency. 

15 [0076] FIG.30 illustrates matching circuit 3000 ob- 
tained by approximating elements connected between 
input port 2901 and output port 2902 in directional cou- 
pler 2900 in FIG. 29 by lumped-circuit elements in center 
frequency fo. In FIG.30, input port 3001 corresponds to 

20 input port 2901 in FIG.29, output port 3002 corresponds 
to output port 2902 in FIG.29, inductors 3003 and 3004 
correspond to first transmission line 2905 in FIG.29, in- 
ductor 3005 corresponds to short-circuited stub 2907 in 
FIG.29, inductor 3006 corresponds to short-circuited 

25 stub 2908 in FIG.29, and capacitor 3007 corresponds 
to open-circuited stub 2909 in FIG.29. Herein, since 
matching circuit 3000 has the same configuration as that 
of an LC multistage it-section matching circuit, the circuit 
3000 is capable of acquiring the matching between ex- 

30 temal circuits connected to input port 3001 and output 
port 3002, and as a result, is capable of decreasing a 
mismatching loss and of achieving low-loss character- 
istics. 

[0077] FIG .31 is a diagram illustrating an example of 

35 characteristics of directional coupler 2900, and more 
specifically illustrates a calculated response in the case 
where Zss81=Zss82=50 Q, Zss83=69.1Q, center fre- 
quency fo=5GHz, cut-off frequencies fs81=15GHz and 
fs82=1 0GHz, characteristic impedance of first transmis- 

40 sion line 2905 is 50Q, phase angle is 28.9°, and open- 
circuited stub 2909 is disposed at a middle point of first 
transmission line 2905. In addition, Zss81 and Zss82 
are impedance of lines composing short-circuited stubs 
2907 and 2908, and Zss83 is impedance of a line com- 

45 posing open-circuited stub 2909. Values obtained as a 
suppression amount in stop frequency are more than 
35dB in fs81 (15GHZ: corresponding to triple-frequen- 
cy), and more than 30dB in fs82 (10GHZ: corresponding 
to double-frequency). Further, suppression characteris- 

50 tics are obtained in low frequencies. 

[0078] FIG .32 is a specific example of a configuration 
of a radio communication apparatus applying the direc- 
tional coupler according to the eighth embodiment of the 
pres nt invention. The radio communication apparatus 

55 illustrated in FIG.32 applies directional coupler 2900 
substituted for directional coupler 100 in the radio com- 
munication apparatus illustrated in FIG.4. As compared 
to the radio communication apparatus illustrated in FIG. 
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4, in the radio communication apparatus illustrated in 
FIG.32, since the function of canceling spurious in two 
different cut-off frequencies is added to the directional 
coupler, it is possible to obtain spurious suppression 
characteristics with more excellence. Further, since it is 
possible to obtain suppression characteristics in low fre- 
quencies, it is possible to obtain spurious suppression 
characteristics with more excellence. 

(Ninth embodiment) 

[0079] The ninth embodiment of the present invention 
will be described below with reference to FlGs.33 to 36. 
FIG.33 is a diagram illustrating an example of a config- 
uration of a directional coupler according to the ninth 
embodiment of the present invention, where the direc- 
tional coupler is applied to one for monitoring transmit 
power. 

[0080] Directional coupler 3300 is primarily com- 
posed of input port 3301 , output port 3302, coupling port 
3303 ; isolation port 3304, first transmission line 3305, 
second transmission line 3306, short-circuited stubs 
3307 and 3308, and open -circuited stub 3309. Input port 
3301 is connected to output port 3302 via short-circuited 
stub 3307 : first transmission line 3305 and short- 
circuited stub 3308. Open-circuited stub 3309 is dis- 
posed on first transmission line 3305. Coupling port 
3303 is connected to isolation port 3304 via second 
transmission line 3306 in electromagnetic coupling with 
first transmission line 3305. 

[0081] Short-circuited stubs 3307 and 3308 have a 
stub length corresponding to 1/2 wavelength in two dif- 
ferent cut-off frequencies, i.e., fs91 and fs92, respec- 
tively. Further, open-circuited stub 3309 has a stub 
length corresponding to 1/4 wavelength in stop frequen- 
cy fs93. In addition, it is not necessary for first transmis- 
sion line 3305 and second transmission line 3306 to 
have the same length. 

[0082] The following description is given of achieving 
unnecessary signal suppression in desired stop fre- 
quency. In the configuration illustrated in FIG.33, ac- 
cording to previously mentioned equation (2), since first 
transmission line 3305 is short-circuited in stop frequen- 
cy fs91 by short-circuited stub 3307, and in stop fre- 
quency fs92 by short-circuited stub 3308, it is possible 
to suppress unnecessary signals in cut-off frequencies 
fs91 and fs92. Further according to previously men- 
tioned equation (1), since first transmission line 3305 is 
short-circuited in stop frequency fs93 by open-circuited 
stub 3309, it is possible to suppress unnecessary sig- 
nals in stop frequency fs93. 

[0083] A case will be described next of matching im- 
pedance of external circuits (not shown) connected to 
input and output ports of directional coupler 3300 in 
center frequency. First transmission line 3305, short- 
circuited stubs 3307 and 3308 and op en -circuited stub 
3309 are, for example, composed of distributed-circurt 
elements such as micro strip lines. Generally, a distrib- 



uted-circuit element has frequency characteristics dif- 
ferent from those of a lumped-circuit element such as 
an inductor and capacitor, but it is possible to approxi- 
mate a lumped-circuit element by a distributed-circuit el- 

5 ement with accuracy exclusively for a single frequency. 
[0084] FIG.34 illustrates matching circuit 3400 ob- 
tained by approximating elements connected between 
input port 3301 and output port 3302 in directional cou- 
pler 3300 in FIG.33 by lumped-circuit elements in center 

10 frequency fo. In FIG.34, input port 3401 corresponds to 
input port 3301 in FIG.33, output port 3402 corresponds 
to output port 3302 in FIG.33, inductors 3403 and 3404 
correspond to first transmission line 3305 in FIG.33, in- 
ductor 3405 corresponds to short-circuited stub 3307 in 

15 FIG.33, inductor 3406 corresponds to short-circuited 
stub 3308 in FIG.33, and capacitor 3407 corresponds 
to open-circuited stub 3309 in FIG.33. Herein, since 
matching circuit 3400 has the same configuration as that 
of an LC multistage it-section matching circuit, the circuit 

20 3400 is capable of acquiring the matching between ex- 
ternal circuits connected to input port 3401 and output 
port 3402, and as a result, is capable of decreasing a 
mismatching loss and of achieving low- loss character- 
istics. 

25 [0085] FIG .35 is a diagram illustrating an example of 
characteristics of directional coupler 3300, and more 
specifically illustrates a calculated response in the case 
where Zss91=50Q, Zss92=86.7Q, Zss93=69.1H, cent- 
er frequency fo=5GHz, cut-off frequencies 
30 fs91=15GHz,fs92=20GHz and fs93=10GHz, character- 
istic impedance of first transmission line 3305 is 50Q, 
phase angle is 28.9°, and open-circuited stub 3309 is 
disposed at a middle point on first transmission line 
3305. In addition, Zss91 and Zss92 are impedance of 
35 lines composing short-circuited stubs 3307 and 3308, 
and Zss93 is impedance of a line composing open- 
circuited stub 3309. Values obtained as a suppression 
amount in stop frequency are more than 20dB in fs91 
(15GHZ: corresponding to triple-frequency), more than 
40 20dB in fs92 (20GHZ: corresponding to four-time-fre- 
quency), and more than 35dB in fs93 (10GHZ: corre- 
sponding to double-frequency). Further, suppression 
characteristics are obtained in low frequencies. 
[0086] FIG.36 is a specific example of a configuration 
45 of a radio communication apparatus applying the direc- 
tional coupler according to the ninth embodiment of the 
present invention. The radio communication apparatus 
illustrated in FIG.36 applies directional coupler 3300 
substituted for directional coupler 1 00 in the radio com- 
50 munication apparatus illustrated in FIG.4. As compared 
to the radio communication apparatus illustrated in FIG. 
4, in the radio communication apparatus illustrated in 
FIG.36, since the function of canceling spurious in at 
least two different cut-off frequencies is added to the di- 
55 rectional coupler, it is possible to obtain spurious sup- 
pression characteristics with more excellence. Further, 
since it is possibl to obtain suppression characteristics 
in low frequencies, it is possible to obtain spurious sup- 
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pression characteristics with more xcellenc . 
[0087] As described above, according to the present 
invention, stubs for radio-frequency spurious suppres- 
sion are disposed at input and output sides of a first 
transmission line of a directional coupler, using the stubs 
with susceptance and the first transmission line ac- 
quires impedance matching in carrier frequency be- 
tween circuits connected to input and output ports, and 
thereby it is possible to achieve the miniaturization and 
harmonic spurious suppression effect with a low loss 
and with excellence even in microwave/millimeter wave 
band. 

[0088] This application is based on the Japanese Pat- 
ent Application No.2000-202665 filed on July 4, 2000, 
entire content of which is expressly incorporated by ref- 
erence herein. 

Industrial Applicability 

[0089] The present invention is suitable for use in ra- 
dio communication apparatus such as a cellular phone 
and data radio communication port. 



Claims 

1 . A directional coupler comprising: 

a firs! transmission line through which a radio- 
frequency signal is transmitted; 
a second transmission line in electromagnetic 
coupling with the first transmission line; 
a first open-circuited stub connected to an input 
side of the first transmission line; and 
a second open-circuited stub connected to an 
output side of the first transmission line, 

wherein each of the first open-circuited stub 
and the second open-circuited stub has a stub 
length that causes a short circuit in desired frequen- 
cy, and the first transmission line, the first open- 
circuited stub and the second open-circuited stub 
compose a circuit for impedance matching in center 
frequency with an external circuit. 

2. The directional coupler according to claim 1 , where- 
in the first open-circuited stub and the second open- 
circuited stub cause a short circuit in different fre- 
quencies. 

3. The directional coupler according to claim 1 , further 
comprising: 

a third open-circuited stub, connected to the 
first transmission line, having a stub length that 
causes a short circuit in frequency different 
from frequencies of the first open-circuited stub 
and the second open-circuited stub, 



wherein the first transmission line, the first open- 
circuited stub, the second open-circuited stub and 
the third open-circuited stub compose the circuit for 
impedance matching in center frequency with an 
5 external circuit. 

4. The directional coupler according to claim 1 , further 
comprising: 

10 a short-circuited stub, connected to the first 

transmission line, having a stub length that 
causes a short circuit in desired frequency, 

wherein the first transmission line, the first open- 
*5 circuited stub, the second open-circuited stub and 
the short-circuited stub compose the circuit for im- 
pedance matching in center frequency with an ex- 
ternal circuit. 

20 5. The directional coupler according to claim 4, where- 
in the first open -circuited stub and the second open- 
circuited stub cause a short circuit in different fre- 
quencies. 

2$ 6. The directional coupler according to claim 1 , f urth r 
comprising: 

a third open-circuited stub, connected to the 
first transmission line, having a stub length that 
so causes a short circuit in frequency different 

from frequencies of the first open -circuited stub 
and the second open-circuited stub; and 
a short-circuited stub having a stub length that 
causes a short circuit in desired frequency, 

35 

wherein the first transmission line, the first open- 
circuited stub, the second open -circuited stub, the 
third open-circuited stub and the short-circuited 
stub compose the circuit for impedance matching in 
40 center frequency with an external circuit. 

7. A directional coupler comprising: 

a first transmission line through which a radio- 
es frequency signal is transmitted; 

a second transmission line in electromagnetic 
coupling with the first transmission line; 
a first short-circuited stub connected to an input 
side of the first transmission line; and 
so a second short-circuited stub connected to an 

output side of the first transmission line, 

wherein each of the first short-circuited stub 
and th second short-circuited stub has a stub 
55 length that causes a short circuit in desir d frequen- 
cy, and the first transmission line, the first short- 
circuited stub and the second short-circuited stub 
compose a circuit for impedance matching in center 
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frequency with an external circuit. 

8. The directional coupler according to claim 7, where- 
in the first short-circuited stub and the second short- 
circuited stub cause a short circuit in different fre- 5 
quencies. 

9. The directional coupler according to claim 7, further 
comprising: 

10 

an open-circuited stub, connected to the first 
transmission line, having a stub length that 
causes a short circuit in desired frequency, 

wherein the first transmission line, the first short- 15 
circuited stub, the second short-circuited stub and 
the open-circuited stub compose the circuit for im- 
pedance matching in center frequency with an ex- 
ternal circuiL 

20 

10. A radio communication apparatus comprising: 

a variable gain amplifier that variably amplifies 
an input radio-frequency signal; 
the directional coupler according to claim 1 that 25 
performs impedance matching on the signal 
output from the variable gain amplifier; and 
an automatic power control circuit that controls 
a gain of the variable gain amplifier so that a 
transmit output from the directional coupler re- 30 
mains within predetermined limits. 

11. A directional coupling method comprising the steps 
of: 

35 

coupling a first transmission line and a second 
transmission line in electromagnetic coupling; 
connecting open-circuited stubs that cause a 
short circuit in desired frequency to an input 
side and an output side of the first transmission 40 
line to perform impedance matching in center 
frequency with an external circuit; and 
inputting a radio -frequency signal to the first 
transmission line and the open-circuited stubs. 

45 

12. A directional coupling method in which stubs for ra- 
dio-frequency spurious suppression are disposed 
at input and output sides of a first transmission line 
in a directional coupler, and using the stubs with 
susceptance and the first transmission line, imped- so 
ance matching in carrier frequency between circuits 
connected to input and output ports is performed. 

55 
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